The site and local concentration of a chemical substance in the tissues are important determinants of its spatial interactions and hence its functional effects. 5-Hydroxytryptamine (5HT) has been identified in tissues rich in enterochroma/fin (E.C.) cells (1, 2) including carcinoid tumors (3). The histochemical reactions of these cells and of 5-hydroxytryptamine in models have been found to be similar (4). However, the negative reactions for indoles with p-dimethylaminobenzaldehyde in tissues containing enterochromaffin cells has recently been cited as evidence against the identity of enterochromarlin cell substance and 5-hydroxytryptamine (5).
5-HYDROXYTRYPTAMIN'E IN ENTEROCIIROM.AFPIN CELLS

5-ttydroxytryptamine
//2") was the synthetic creatinine sulfate salt, and was kindly supplied by Dr. Kenneth I-Iamlin of Abbott Laboratories, North Chicago. 5HT extractions were performed using 95 per cent acetone followed by evaporation and defatting with petroleum ether (6) . The 5HT was assayed against the synthetic standard using the rat colon as test object (7) and reported in units of micrograms of free base per gram of tissue. As a check on gross loss during extraction and evaporation, amounts of 5HT approximately equivalent to those present in the tissues were run parallel to the tissue extract. Recoveries ranged from 33 to 65 per cent and averaged 43 per cent. As an independent check on the specificity of the assay, similar extracts of normal and reserpine treated guinea pig duodenums were chromatocrammed on Whatman No. I filter paper using butanol--acetic acid-water in the proportion of 4 to i to 5 to develop the chromatograms and diazotized sulfanilamide as color reagent (8) .
Histolog~ Technique.--Tissues were fixed in 4 per cent formaldehyde (not previously neutralized) for 48 hours, dehydrated, cleared and embedded in "tissuemat" (Fisher Scientific Co., Pittsburgh) having a melting point of 56 to 58°C. Sections were cut at 5 microns.
EXPERIMENTAL OBSERVATIONS
The Identity and Intensity of Staining Reactions for Enterochroma.fin Cells and the Color Reactions of 5tIT in Models.-
The mid-portion of the duodenum of guinea pigs was removed after exsanguinating the animals under ether anesthesia. Immediately upon removal, the intestine was opened longitudinally and rinsed with 0.9 per cent saline; it was then fixed and sectioned. For comparison, two types of models were prepared: 5HT was dissolved in 10 or 5 per cent gelatin in concentrations ranging from 20 rag. of free base per ml. down to 0.08 rag. of 5 HT per ml. using twofold serial dilutions. In one type of model, gelatin marks were made upon glass slides and fixed in formaldehyde vapor for 48 hours. In a second type of model, gelatin blocks were prepared and, after chilling to harden, were fixed in formalin vapor for 48 to 72 hours at room temperature; smaller blocks were then cut, dehydrated and embedded like tissues and sectioned at 5 microns. For the sake of comparison all concentrations including gelatin without 5HT were embedded in the same paraffin block.
The following color reactions of duodenal enterochromaflin cells and gelatin models were compared: the argenta~an reaction with methenamine silver (9), the ferricyanide reduction (I0), azocoupling with diazotized o-arninoazotoluene (known commercially as Garnet GBC I) (I I), the p-dimethylaminobenzaldehyde reactions for indole, using a recently devised method of preparing the reagent for histochemical tests (5); fluoroscence with ultraviolet light (350 m~), by naked eye and microscopically in formaldehyde-fixed material 02).
With the argenta~n reaction incubated at 60°C. a comparison was made of the shade and intensity of the color at different times up to 82 minutes. The time at which the duodenal enterochromaffin ceils turned black was noted and compared with the time at which the blackening occurred in the 5HT gelatin models. The results for the models are given in Table I . Blackening regularly occurred in the highest concentration (20 rag. of 5 HT free base per ml. of gelatin) in about 80 minutes--the same time at which the enterochromaffin cells blackened in the tissue section. Staining was dearly seen at 1.25 and was barely visible at 0.63 rag. per ml. Increasing concentrations produced darker shades; a deep sienna color characteristic of many argentaflln-posii Kindly supplied by E. I. DuPont DeNemours & Co., Wilmington, Delaware.
tive ceils produced in the range of 5 mg. per ml. Thus, with respect to the time of reduction of silver, 5HT in a gelatin model behaved in a manner closely approximating the chromogenic material of enterochromaffin ceils.
The ferric-ferricyanide reduction appeared to be the most sensitive but the least specific test (10) . With gelatin models, its characteristic blue color could be seen clearly at a concentration of 0.63, and traces of reaction could be detected at 0.31 rag. 5HT per ml. The diazo coupling reaction was carried out with Garnet GBC at a concentration of 0.5 per cent in 0.1 M, pH 8.0 phosphate buffer. The slides were flooded with the diazo compound until the color appeared in maximal intensity--a period of 15 seconds to 3 minutes--and then were rinsed in water. Tissues were mounted in synthetic resin after dehydration and clearing. As indicated in Table II , the diazo reaction was clearly apparent at a concentration of approximately 1.25, and barely apparent at 0.63 mg. per ml. Beyond that, no staining was visible.
The indole reaction after application of the dimethylaminobenzaldehyde reagent to formaldehyde-fixed material showed no staining at any concentration (Table II) . Another test was made using a series of small gelatin blocks containing 5HT with and without previous formaldehyde vapor fixation: Addition of 0.2 ml. of the indole reagent to 0.1 gm. of unfixed gelatin block resulted in a rapidly developing series of colors ranging from violet, within the first 10 seconds to 1 minute, to blue after one to several hours at room temperture. Following fixation, however, there was no reaction even after several hours and with concentrations of 5HT up to 20 mg. per ml. of gelatin. The fact that a positive indole reaction with 5HT does not occur in formalin-fixed material is consistent with the presumed chemistry (4), of the reaction, since formaldehyde should prevent the reaction of the indole ring with a second aldehyde. This disposes also of the objection (5) to the presence of 5HT in enterochromaffin cells based upon absence of the indole reaction after fixation. Intense golden yellow fluorescence was observed in the highest concentrations of 5HT and was just barely visible in formaldehyde-treated models down to a concentration of 0.31 mg. per ml.; with appropriate illumination one could clearly discern under the microscope the golden-yellow fluorescence in the enterochromaffin cells of the guinea pig duodenum.
A comparison was made of the intensity and shade of several color reactions as seen on microscopic examination of duodenum and sectioned gelatin models. Such a comparison was only approximate because the cell staining appeared to be associated with granular material of the cytoplasm whereas it was uniformly distributed in the model. With the argentaffin reaction, the intensity of the stain in the largest diameter cells and, therefore, those presumably extending through the full thickness of the 5 micron section, approximated the shade of the 20 mg. 5HT per ml. of gelatin model. With the diazo, and the ferric-ferricyanide reactions, the intensity of the cell staining was about equal to that of the models containing 10 mg. 5HT/ml.
The concentration of 5HT in the Duodenal Enterochroma2~n Cells from 5HT Assay and Cell Volume Estimates--The concentration of 5HT in enterochromaffin cells was estimated from the relative volume of these cells in fixed sections of duodenum (13) . In place of the points used by Chalkley a grid having 25 intersections, ordinarily used for mold counting, (Howard micrometer disc, 17356, Chicago Apparatus Co.) was used. The number of hits was taken as the number of hits on the intersections of the grid. This method substantially speeds the counting procedure. The estimates were made on two sections encompassing the total 6 cm. of guinea pig intestine, which had been opened longitudinally, and fixed in the form of a helix. A total of 64,310 counts yielded 584 hits with a relative volume of 0.9 per cent. The 5HT content of 25 samples of guinea pig duodenum averaged 20.6/zg./gm. Assuming that all the 5 HT is in the enterochromaffin cells and that the density of the cells approximates 1.0 this yields a value of 2.3 mg. of 5HT per ml. of enterochromaffin cells.
This value is probably low because of loss of 5HT on extraction. If we apply the recovery correction we obtain a value of 5.4 mg. of 5 HT per ml. of enterochromaffin cells.
The value of 5.4 mg. 5HT per ml. of cells is probably a minimal value for the following reason: The method has a small inherent error in that it theoretically requires geometrical points of infinitely small dimensions. In practice the points have a finite size and the optical system including the eye has an appreciable depth of focus. The result is an overestimate of relative cell volume and an underestimate of concentration.
The Release of 5HT and Parallel Decrease in Stainable Enterochromafin Cell
Substance by Reserpine--Prefiminary observations were made on rabbits and guinea pigs. It was found that 16 hours following the intraperitoneal injection of reserpine (5 mg./kg, body weight) a large decrease, 80 per cent, in the number of visible enterochromaffin cells occurred in both rabbit stomach and guinea pig duodenum. Following this a larger series of observations were made on guinea pigs.
In order to observe the relationship between stainable enterochromaffin cell substance and 5HT content of tissues after reserpine injection the following experiment was performed:
Reserpine (sandril, supplied through the courtesy of Dr. B. L. Martz, Lilly Co., Indianapolis) in a dose of 5 mg./kg, was administered intraperitoneally. This dose was based upon the findings of Pletscher and coworkers (14) . Control animals received no treatment. Other experiments have shown that the diluted solvent used for reserpine does not alter the tissue 5HT (15) or enterochromailin cells. Two treated and one control animal were sacrificed 1, 4, and 16 hours and 1, 2, 4, 5, 8, and 16 days after injection of reserpine. The duodenums were removed, sectioned, and extracted for 5HT. Counts were performed on transverse sections of the mid-portion of duodenum, stained with silver and with the diazo reagent.
The E.C. cells of the guinea pig duodenum were found to be distributed as shown in Fig. 1 . Sixty-nine per cent of these were encompassed in a single field using the following technique: With a 47.5 achromatic objective and 12.5 oculars, giving a "high power field" of 275 # diameter, counts were made on the basal portion of duodenal mucosa. Alternate fields around the complete circumference of the duodenum were counted. Argentaffin and azo reactions yielded parallel results. The total cells counted per animal in the controls ranged from 100 to 300. The data are plotted in Text- fig. 1 . The parallel decrease and increase of 5HT and E.C. cell concentration is easily seen. The correlation between number of visible enterochromaffin cells and the 5HT concentration in the duodenum has a linear coefficient of 0.94 4-0.023.
Paper chromatography was used to test the specificity of bioassay. Extracts of duodenum of a normal guinea pig and guinea pig 16 hours after reserpine administration were prepared as for bioassay and then fractionated by chromatography. The extract of duodenum of the untreated guinea pig presented an intense spot of the appropriate brownish-violet color and mobility Enterochromaffin cells in a section of normal guined pig duodenum are shown in Fig. 2 . The sharp reduction in cell number 4 hours after treatment with reserpine is shown in a comparable and representative section in Fig. 3 . 3 days following treatment, the number of visible cells is about half the normal complement; many cells at this time showed sparser granulation than cells of similar size in the normal or completely recovered animals (Fig. 4) . This is consistent with the notion that the concentration of 5HT within a cell is variable and that these cells lose and regenerate cytoplasmic substances.
The Relationship between the Doses of Reserpine, the Number of Visible Enterochroma2~n Cells, and the Concentration of 5HT--The previous experiment showed the pattern of response following a single large parenteral dose of reserpine. We also investigated the response following different doses of reserpine: The doses were 0.04, 0.2 and 1 mg./kg, given intraperitoneally, 16 hours prior to sacrifice. The reserpine was a crystalline powder (kindly supplied by Dr. George Berryman of Abbott Laboratories, North Chicago) made up in an acetic acid-alcohol mixture (14) and diluted just before use with saline. Control animals were injected with the solvent alone. The data shown in Text- fig. 2 show the average concentration of 5HT in the duodenum of two guinea pigs. Each of the values for the cell counts was derived from examination of a single animal, the material on the 2nd animal of each pair having been lost owing to a technical mishap. The reserpine dose is given on a geometric scale. Hence, to a first approximation, the decrease in 5HT is proportional to the logarithm of the dose between 0.04 and 1.0 mg./kg. Reference to the data of the preceding experiment (Text- fig. 2) shows that between 1 and 5 mg./kg, there is little further effect on the 5HT content. The high order of correlation of 5HT concentration with cell count is again evident.
DISCUSSION
The several histochemical reactions tried on enterochromaffm cells of guinea pig duodenum were identical with those of synthetic 5HT in gelatin models. These results add further evidence that 5HT is the chromogenic material in these cells (4). The intracellular concentration of 5HT, calculated from assay of 5HT and measurement of relative cell volume, was 5.4 mg./ml.; this is probably a minimum value. The staining intensity matched with the several staining models in the range of 10 to 20 mg. 5HT/ml. Comparison of the two is possible providing one recognizes the several sources of error: First, visual matching is accurate only to about +50 and --25 per cent; second the stainable material is not uniformly distributed, but is present in the cytoplasm and appears to be associated with granules. The focal accumulation of 5HT increased the apparent intensity of staining. Thus the two independent methods of estimating the concentration of 5HT in E.C. cells appear to converge on a value of about 1 per cent.
There is a lower limit below which 5HT cannot be detected by the histochemical procedures used. Silver reduction and azo dye formation yielded definitively visible reactions only at concentrations of about 1 mg./ml, or greater. The important implication of this is that only those tissue or cellular elements will be visualized by these methods which have 5HT concentrations in excess of about 1 mg./ml. Consistent with this is the fact that mast ceils which have a concentration of 5HT of about 0.5 mg./ml. (16) have not yielded positive staining reactions. Washed rabbit blood platelets by our assays (17) have 0.5 to 2.5 rag. 5HT/ml. and yield pale argentaffin and azo reactions in formalin-vapor-fixed smears.
In a tissue section the proportion of a population of cells visualized and hence counted can be related to tissue section thickness and cell diameter (18) provided that the intensity of staining of cells is constant for the population. However, the staining of E.C. cells appeared to vary with their state of secretory or metabolic activity, as indicated by comparing Figs. 1 and 3 . Hence at a given tissue section thickness and with a constant cell population one may expect a variation in the number of cells depending on the concentration of stainable material.
The parallel reduction in and return of 5HT concentration and numbers of visible enterochromaffin cells following treatment with reserpine fits the hypothesis that all or nearly all of the tissue 5HT in the guinea pig duodenum is contained in E.C. cells. Although it is possible that 5HT is contained in other cells as well and varies in parallel with material in the enterochromaffin cells, this seems unlikely for the following reasons: (a) The cellular concentration as estimated by two independent methods, suggests that the major part of 5HT was contained in E.C. cells. (b) The only other tissue elements known to contain 5HT in any significant concentration are platelets and mast cells. Available data (19) show that the quantity of platelets in any reasonable amount of residual blood is too small to contribute a significant amount of 5HT. Mast cells are not only rare in the guinea pig duodenum but also fail to release 5HT on treatment with reserpine (at least in the rat). This latter finding is contrary to the suggestions of others (20) .
The high concentration of 5HT in E.C. cells of normal guinea pigs is striking. Similar concentrations of 5HT or a hydroxyindole most likely exist in E.C. cells of other animals, including man, since the intensity of staining with diazo and argentaffin reactions is similar. The biological significance of this high concentration is further emphasized by the low concentrations of 5HT that suffice to activate biological systems: In vitro (21) as little as 0.0001 #g./ml. will cause contraction of a smooth muscle, and in vivo (22) 0.25 #g./ml. will produce changes in blood vessels. From this one draws the implication that only a small portion of the 5HT ordinarily present in the E.C. cytoplasm need be released to elicit ordinary physiologic and perhaps pathologic phenomena. This is particularly true if the site of action of the 5HT is near the source cells.
The function of 5HT must be determined by the sites to which it is delivered in effective concentration. Some of the sites to which 5HT may be distributed from E.C. cells are gland, muscle, or nerve cells; it may also be distributed to local blood vessel walls or to the passing blood stream. In the blood stream it may be taken up by platelets or otherwise transported to distant sites.
Although there is as yet no evidence of direct stimulation of gland secretion by 5HT, it has been found that reserpine administered parenterally does cause a secretion of acid gastric juice in dogs and men (23) . The fact that intravenous infusion of 5HT causes no enhancement of gastric secretion in dogs (24, 25) could be due to the low concentrations produced in this way, whereas the local concentration of 5HT following release by reserpine from E.C. cells might be high enough to stimulate the gland cells. Another possibility is that reserpine operates by stimulation of the central nervous system via the parasympathetics (26) .
Muscular stimulation is a well known activity of 5HT. The intestinal muscle (7, 21) , uterus (21, 27) , heart muscle of molluscs (28) , and smooth muscle of large arteries (29) (30) (31) all are stimulated to contract in vitro. In vivo bronchial muscle is known to be stimulated (32) and evidence of intestinal muscle effects in the form of diarrhea is seen in animals after reserpine administration (17) . Following release of 5HT, patients with carcinoid tumors have been observed to have diarrhea (33, 34) ; this is ameliorated by administration of chlorpromazine (35) , a demonstrated 5HT antagonist (36) . Regulation of blood flow and vascular permeability are perhaps important operations of 5HT. The presence of this active substance in cells closely associated with vessels, such as mast cells (16) and its demonstrated action in vivo following stimulation of mast cells (22) support this inference. Enterochromaffin cells could play a similar role in relation to the blood flow in intestinal villi. Several of the above effects could be mediated via nerve cells in the peripheral nervous system in a manner similar to that proposed for its action in the brain (15, 14, 37, 6 ).
5-HYDROXYTRYPTAMINE IN" ENTEROCItROMAFFIN CELLS
Enterochromaffin cells could be the source of 5HT for the platelets. It is reported that platelets can taken up 5HT against a concentration gradient (38-41) and that the venous effluent from perfused dogs stomach has a higher 5HT content than the arterial infusate (42) . These findings suggest that the intestine is a source of 5HT for platelets (38, 42) . If the E.C. cells were the site of formation as well as the repository of 5HT in the intestine, they might then be the source of platelet 5HT.
The means by which 5HT is fixed in the enterochromaffin cells is not known. Argentaffm, diazo coupling, and iron reductions all show association with granular material. We have found that the specific granular staining disappears along with the 5HT following treatment of tissue with acetone. This suggests an association of 5HT with lipides.
The means by which 5HT is released from E.C. cells has not yet been clarified. It is evident that a releasing mechanism exists and that reserpine activates it. Experiments we have performed attempting to demonstrate release in vitro have been unsuccessful. This may be due to the low solubility of the drug or its poor penetration of the tissue.
S~A.RY AND CONCLUSIONS
The enterochromaffln cells of the guinea pig duodenum and 5-hydroxytryptamine incorporated into gelatin models gave, after formalin fixation, nearly identical reactions with methenamine silver, ferric-ferricyanide, and diazotized o-aminoazotoluene. Following formaldehyde fixation the indole reaction with p-dimethylaminobenzaldehyde was negative in tissue enterochromaffin cells; similarly the indole reaction was negative after formaldehyde fixation of gelatin models.
In the duodenum of the guinea pig 5-hydroxytryptamine appears to be largely, if not entirely, contained in the enterochromaffin cells. Its intracellular concentration estimated from relative cell volume and assay of concentration in the whole tissue, was not less than 5 mg./gm, of cells, and as judged by the intensity of staining reaction may have been as high as 10 to 20 mg./gm. of cells.
Reserpine administered parenteraUy caused release of the chromogenic material of duodenal enterochromaffin cells and a parallel reduction in the amount of extractable 5-hydroxytryptamine.
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